The antibacterial activity of pentachlorophenol and 35 of its known or possible metabolites against 30 different species of bacteria was tested. In comparison with pentachlorophenol, no increase of inhibitory activity was found for any of the chlorinated anisoles tested (except for pentachloroanisole against Streptomyces spp.), 2-chlorophenol, 2,6-dichlorophenol, 2,3,6-and 2,4,6-trichlorophenol, 2,3,5,6-tetrachlorophenol, tetrachloro-1,4-and -1,3-benzenediol (except for the 1,3-isomer against Streptomyces spp.), tetrachloro-1,3-dimethoxybenzene, and tetrachloro-1,3-benzenediol diacetate. Two chlorophenols, five dichlorophenols, four trichlorophenols, two tetrachlorophenols, and tetrachloro-1,2-benzenediol were more active than pentachlorophenol against some, but not all, of the strains tested.
Because of its numerous applications, pentachlorophenol (PCP) has a worldwide distribution. After attention was first called to the toxicity of this substance by Bechold and Ehrlich (1) in 1906, many investigations of its toxic properties and its metabolic fate have been reported.
In this paper, the results of determinations of the antibacterial activity of chlorinated phenols and anisoles are presented. Many of these compounds were found as metabolites of PCP in plants, animals, and humans, as well as PCP transformation products in soil or PCP microbial and photochemical degradation products.
3,4,5,6-Tetrachloro-1,2-benzenediol (tetrachlorocatechol), 2,4,5,6-tetrachloro-1,3-benzenediol (tetrachlororesorcinol), and its dimethyl ether, 2,4,5,6-tetrachloro-1,3-dimethoxybenzene, and its diacetate, 2,4,5,6-tetrachloro-1, 3-benzenediol diacetate, were synthesized by the method of Renner and Hopfer (3). PCP; the isomeric chlorophenols, dichlorophenols, trichlorophenols, tetrachlorophenols, and chloroanisoles; 2, 3-, 2,5-, 2,6-, and 3,5-dichloroanisole; 2,3,5-, 2,3,6-, and 2,4,6-trichloroanisole; 2,3,4,6-tetrachloroanisole; and 2,3,5,6-tetrachloro-1,4-benzenediol (tetrachlorohydroquinone) Plates inoculated with aerobic bacteria were incubated in normal atmosphere in darkness at 35°C for 5 days until a reading was taken. Plates inoculated with clostridia were incubated in anaerobic jars filled with 80% N2-10% C02-10% H2 for 2 days at 35°C. The MICs were reported as the lowest concentrations which completely inhibited growth.
Because of its broad antimicrobial and insecticidal activity, PCP was introduced in the late 1930s for preservation and treatment of wood. It has also been used for various applications in industry and agriculture.
In an earlier paper (2), we presented a survey on the various metabolites of PCP and on the bacterial species by which they were formed. The products of PCP degradation by bacteria belong to the classes of chlorinated phenols, anisoles, benzenediols, methoxyphenols, dimethoxybenzenes, benzoquinones, and phenyl acetates. These substances may also play a role in the bactericidal action of PCP.
In this study, the bactericidal action of PCP and of many of its metabolites was tested against a selection of 30 strains of various species. The results are given in Table 1 . MICs for several of the compounds tested, i.e., the chloro-, dichloro-, and trichloroanisoles and 2,3,4,6-tetrachloroanisole, were -4 pLmol/ml (Table 1 , footnote a.)
Antibacterial activities equal to or less than those of PCP were seen with 2-chlorophenol, 2,6-dichlorophenol, 2,3,6-tri- Pentachloroanisole  >4  >4  >4  >4  >4  >4  >4  >4  >4  >4  >4  >4  >4   2-Chlorophenol   >4  >4  >4  >4  >4  1  >4  >4  >4  >4  >4  >4  4 3-Chlorophenol >4  >4  >4  >4  >4  >4  >4  >4  >4  >4  >4  >4  >4 dimethoxylbenzene 2,4,5,6-Tetrachloro-1, 3->4  >4  >4  >4  >4  >4  >4  >4  2  >4  >4  >4  >4 benzenediol diacetate 3,4,5,6-Tetrachloro-1,2- >4  >4  2  >4  >4  >4  >4  >4  >4  >4   >4   >4   4   >4  >4  >4   >4  >4  >4  >4  >4  >4  >4  >4  >4  >4  >4  >4  >4  >4  >4  >4 ,6-dichloroanisole, 3,5-dichloroanisole, 2,3,5-trichloroanisole, 2,3,6-trichloroanisole, 2,4,6-trichloroanisole, and 2,3,4,6- 2,3,5,6 (o,m,m,o) 2,3,4,6 (o,m,p,o) 2,3,4,5 (o,m,p,m) FIG. 1. Correlations between antibacterial activities and the positions of chlorine atoms in the ring of chlorinated phenols. chlorophenol, 2,4,6-trichlorophenol, 2,3,5,6-tetrachlorophenol, tetrachlorohydroquinone, 2,4,5,6-tetrachloro-1,3-dimethoxybenzene, and 2,4,5,6-tetrachloro-1,3-benzenediol diacetate. Pentachloroanisole and tetrachlororesorcinol showed activities lower than or equal to that of PCP, except against Streptomyces spp. Higher antibacterial activities than that of PCP against different numbers of strains were seen with 3-chlorophenol (against 2 strains), 2,3-dichlorophenol (against 2 strains), 4-chlorophenol (against 3 strains), tetrachlorocatechol (against 4 strains), 2,4-dichlorophenol (against 5 strains), 2,5-dichlorophenol (against 7 strains), 3,4-dichlorophenol (against 9 strains), 2,3,5-trichlorophenol (against 10 strains), 2,4,5-trichlorophenol (against 10 strains), 2,3,4-trichlorophenol (against 12 strains), 2,3,4,6-tetrachlorophenol (against 15 strains), 2,3,4,5-tetrachlorophenol (against 22 strains), 3,5-dichlorophenol (against 23 strains), and 3,4,5-trichlorophenol (against 26 strains). Figure 1 indicates connections between antibacterial activities of chlorinated monophenols and the positions of chlorine atoms in the ring. Antibacterial activities of the three isomeric monochlorophenols increased from ortho-(o), via meta-(m), to para-(p) chlorophenol. Without regard to some deviations, explainable by vicinal or nonvicinal Cl positions, the correlation o < m < p is also found with the isomers of di-, tri-, and tetrachlorophenols, as well as with the three tetrachlorodiphenols. These diphenols showed increasing activities from tetrachlorohydroquinone (Cl to both OH groups: 4 o, 4 m) via tetrachlororesorcinol (Cl to both OH groups: 4 o, 2 m, 2 p) to tetrachlorocatechol (Cl to both OH groups: 2 o, 4 m, 2 p).
There were no noteworthy differences in susceptibility between gram-positive and gram-negative bacteria, between cocci and rods, or between aerobes and anaerobes.
